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REMARKS 

The claims have been amended substantively so as to 
require further consideration and/or search. For this reason, a 
Request for Continued Examination is being filed with this 
amendment . 

This application is amended in a manner to place it in 
condition for allowance at the time. 

Status of the Claims 

Claims 19, 29, 30 and 31 have been amended so that the 
invention is directed to compositions including between 30 and 
45% amylose content and includes hydroxypropylated starch. 
Support for the amendment may be found, for example, at page 14, 
lines 30-32, as well as Table 3 of the present specification, 
which illustrates unexpected results obtained by compositions 
including between 30 and 45% amylose content and 
hydroxypropylated starch . 

Claim 28 has been amended to correspond to claim 19. 

Claims 19-22 and 24-47 remain pending. 

Claim Re jections-35 USC §103 

Claims 19, 28, 38, and 39 stand rejected under U.S.C. § 
103(a) as being unpatentable over HAASMAA US 2002 0032254 
(HAASMAA) in view of LEUSNER US 4,431,800 (LEUSNER) and further 
in view of KIM US 6 , 123 , 963 (KIM) . Claims 19-22, 24-27, 29, 30, 
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32-38 and 40-43 were newly rejected under U.S.C. § 103(a) as 
being unpatentable over LYDZINSKI et al . U.S. 2003/0099692 
(LYDZINSKI) . Claims 31 and 44-46 stand rejected under U.S.C. § 
103(a) as being unpatentable over LYDZINSKI in view of FUERTES US 
6, 469, 161 (FUERTES) . 

These rejections are respectfully traversed for the 
reasons that follow. 

The amended independent claims 19, 29, 30 and 31 relate 

to a 

"A film- forming starchy composition for the film 
coating of solid forms or for the preparation of fllms^ 
wherein said composition exhibits an amylose content of 
between 3_0 and 45%^ this percentage being expressed by 
dry weight of starch present In said composition^ and 
wherein said composition comprises at least one 
hydroxypropylated legume starch . 



Claims 19, 28, 38, and 39 are unobvlous over HAASMAA In view of 
LEUSNER and further In view of KIM: 

HAASMAA describes a starch dispersion containing a 
modified starch ester dispersed in a liquid phase wherein the 
degree of substitution (DS) of the starch ester is greater than 
1.5 ( see claim 1 ) . 

HAASMAA is completely silent about suitable amylose 

contents . 

Moreover, HAASMAA does not lead one to the selection of 
a legume starch. HAASMAA provides an exhaustive list of starch 
sources (see page 2, right column, lines 3-5) , which includes 
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barley, potato, wheat, oat, pea, corn, tapioca, sago, rice, or a 
similar rubber-bearing or rain plant. However, HAASMAA appears 
to prefer barley starches, or at least cereal starches, as the 
Examples only utilize barley starches. 

Even if one would have randomly selected pea starch 
from the large variety of starch sources provided by HAASMAA one 
would not have necessarily obtained an amylose content between 30 
and 45%, as evidenced by HOOVER et al . (enclosed in the 
Appendix) . HOOVER the amylose content depends on the type of 
pea. According to Table 2 on page 83, wrinkle pea may have 
62.8-75.4% amylose and smooth pea may have 32.5-33% amylose. 

Thus, HAASMAA completely fails to teach or suggest the 
claimed 30-45% amylose content of the film-forming composition in 
combination with the use of a hydroxypropylated legume starch. 

LEUSNER and KIM are unable to completely remedy these 
deficiencies of HAASMAA for reference purposes. 

LEUSNER relates to a method for hydroxypropylat ing 
starch. In column 1, lines 23-24 it is mentioned that 
hydroxypropylation decreases the tendency towards retrogradation 
of the starches. LEUSNER is silent about starch sources. 

As to the decreased tendency towards retrogradation of 
hydroxypropylated starches. Applicant has shown that decreased 
retrogradation is often only obtained in combination with high 
processing temperatures. This however creates other drawbacks. 
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such as decreased flavor impact of the final film (see example 2 
of the filed specification, page 22, lines 22-31). 

KIM teaches that conventional methods for coating 
tablets, granules, pellets, crystals, and capsules include 
coating in a fluidized bed and dip-coating (column 6, lines 58-65) . 
However, KIM does not teach any film forming composition as 
presently claimed . 

Furthermore, the combination HAASMAA, LEUSNER and KIM 
fails to suggest the superior results of the claimed invention, 
as demonstrated in Table 3 of the present specification: 
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As is clearly demonstrated above, legume starches 
falling within the claimed amylose content of 30-45% and being 
hydroxypropylated, optionally fluidi fact ion- treated, provided 
superior film properties compared to, for example, corn starches 
as also disclosed by HAASMAA. Thus, these results are unexpected 
in view of the teachings of HAASMAA, LEUSNER and KIM. 

Therefore, the combination of HAASMAA, LEUSNER and KIM 
cannot render obvious the claimed invention, and withdrawal of 
the rejection is respectfully requested. 

Claims 19-22, 24-27, 29, 30, 32-38 and 40-43 are unobvious in 
view of LYDZINSKI: 

LYDZINSKI describes a film forming composition 
comprising a modified starch (see [0005]). The starch may be 
corn, pea, potato, sweet potato, banana, barley, wheat, rice, 
sago, amaranth, tapioca, arrowroot, canna, sorghum, and waxy or 
high amylase varieties thereof (see lines 1-5 of [0009]). The 
modification may be selected from a large variety of possible 
physical, chemical, and/or enzymatic modifications (see [0011] to 
[0013] ) , including hydroxypropylat ion . 

The examples of LYDZINSKI, however, are limited to 
modified high amylose or waxy corn starches and native tapioca 
starch. None of the modified corn starches has an amylose 
content of between 30 and 45 % by dry weight as claimed. That is, 
high amylose starch has an amylose content of 70% (see [0039]), 
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and the waxy corn starches have an amylose content of at most 5 % 
(see [0040], [0042] - [0045], and [0009], which specifies that 
waxy starches have an amylopectin content of at least 95% and 
thus an amylose content of at most 5%) . 

Thus, LYDZINSKI fails to disclose or suggest a legume 
starch, a 30-45% amylose content and hydroxypropylation in 
combination . 

Indeed, even if one were to randomly select a 
hydroxypropylated pea starch based on the broad disclosure of 
LYDZINSKI, one would not obtain the necessarily obtain the 
claimed invention, or the superior results. 

As evidenced by HOOVER et al . (enclosed in the 
Appendix), the amylose content depends on the type of pea. 
According to Table 2 on page 83, wrinlcle pea may have 62.8-75. 4% 
amylose and smooth pea may have 32.5-33% amylose. 

Moreover, as evidenced by Table 3 of the present 
specification and provided above, the claimed invention results 
in film properties that are superior and unexpected to those 
which are suggested by LYDZINSKI, especially the examples of 
LYDZINSKI . 

The claimed invention provides, for example, a 
preferred viscosity, whereas the viscosities of compositions 
comprising waxy or amylose rich hydroxypropylated starches are 
significantly higher. Due to these high viscosities waxy or 
amylose rich hydroxypropylated starch based compositions as those 
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of LYDZINSKI cannot be applied to tablets by spraying under cold 
conditions (see example 1 on pages 16-21). 

Furthermore, compositions based on modified amylose 
rich corn starch as those of LYDZINSKI require high processing 
temperatures in order to prevent retrogradation of the starch and 
to allow acceptable spreading of the film. These high 
temperatures lead to significant evaporation of flavoring 
compounds when preparing flavor strips. The aromatic impact of 
the resulting flavor strips is thus significantly decreased and 
they do no longer have the desired freshening function (see 
example 2, page 22, lines 22-31 of the specification as filed) . 

Regarding the use of waxy starches, films formed from 
compositions containing waxy starches as those of LYDZINSKI do 
not exhibit the necessary cohesion. As a result they crack upon 
drying (see example 2, page 22, lines 33-3 7 of the application as 
filed) . 

LYDZINSKI, however, is completely silent about these 
problems associated with the use of high amylose and waxy 
starches . 

Accordingly, the results demonstrated by the claimed 
composition having amylose content of between 30 and 45% by dry 
weight of starch present in a composition and at least one 
hydroxypropylated legume starch, are unexpected in view LYDZINKI. 
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That is, the claimed composition overcomes the drawbacks of the 
compositions of LYDZINSKI discussed above. 

Therefore, LYDZINSKI cannot render obvious the claimed 
invention, and withdrawal of the rejection is respectfully 
requested . 

Claims 31 and 4 4-4 6 are unobvlous over LYDZINSKI In view of 
FUERTES : 

LYDZINSKI fails to disclose or suggest a composition 
having amylose content of between 30 and 45% by dry weight of 
starch present in a composition and at least one 
hydroxypropylated legume starch. 

FUERTES relates to a chemical f luidif ication process 
for a starchy material. However, FUERTES is completely silent 
about specific film-forming compositions, in particular 
composition comprising hydroxypropylated or acetylated legume 
starch and having a certain amylose content. 

Consequently, FUERTES does not remedy the shortcomings 
of LYDZINSKI for reference purposes. 

Therefore, the claimed invention is not rendered 
obvious by the combination of LYDZINSKI and FUERTES, and 
withdrawal of the rejection is respectfully requested. 
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Conclusion 

In view of the amendment to the claims and the 
foregoing remarks^, this application is in condition for allowance 
at the time of the next Official Action. Allowance and passage to 
issue on that basis is respectfully requested. 

Should there be any matters that need to be resolved in 
the present application, the Examiner is respectfully requested 
to contact the undersigned at the telephone number listed below. 

The Commissioner is hereby authorized in this, 
concurrent, and future submissions, to charge any deficiency or 
credit any overpayment to Deposit Account No. 25-0120 for any 
additional fees required under 37 C.F.R. § 1.16 or under 37 
C.F .R. § 1.17. 

Respectfully submitted, 
YOUNG & THOMPSON 

/Robert A. Madsen/ 

Robert A. Madsen, Reg. No. 58,543 
209 Madison Street, Suite 500 
Alexandria, VA 22314 
Telephone (703) 521-2297 
Telefax (703) 685-0573 
(703) 979-4709 

RAM/ j r 
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APPENDIX: 



The Appendix includes the following item(s) : 

- HOOVER et al . r "Composition, structure, functionality and 
chemical modification of legume starches: a review" 
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Comp^ition, j^ctore, ftmctionality, and chemical imdifk^os of i^iune starches: 

a r^view*^ 

R. Hoover^ 

D^fkmnrnm cf Biochemistry, Memorial UimmrsUy of f^mifomMaM, Bt. Jt^'s, JMfld., Ornish AW 3X9 

R W. SOSUUKI 

Ikpartmem of Crop Mence and Plant Bmtogy, Umversity &f Sa^dtemn, Sa^atoon, to4 , CmmM B7H mO 

Received Mardh 1, 1990 

HoDVi^, , and Sosulski. F. W. 199L Cointx^ition, stracmre, fiiitctibiraUiy, ami c^nncai modttficittimi of kgame siait^: 
g f&view. Can. J. Wiys«>L Pharmacol. 69. 79-92. 

nse major carbohydmte of tih^ l^rnrn is starch, which repneseius ap to A5% of tfm tiXal wei^t la yeat^, 
auNtantial |at>gr^s hag l^n made in understamKng tfie retatiomhip between mxch structure asd ftitJcficxmKty, Hc^^^^^ev^, 
these stadies have t^n iminly m cer^ aiKi ttiber staiici^. The present status of knowledge on the awB^Mon, stnictum, 
fiuKtiwmlfty, digestibiiiiyj aroi chmnical modificatiiMi of lepime s^ches is reviewed. In addltiw present i^icc^ of grMiale 
smicntre, gclatinizattoa, retn^;mdation. and rto>l(>gy ate also reviewed. Htdire research i»5eds in the area of k^tme stensh 
chemi^ are discussed. 

itey won&: legume stardhi» struetore^ fiiiK^onaUty, modification, dig^ibiUty. 

HoovEE. R.. ^ SosuLSKi, R W. 1991. Com|K)sidon, fracture, fotictioiiiaity* and diemical aiodi£k»ttioa <tf Iq^me stueches: 
a review. Can. J. Fhysiol. ttmrraacol. 69 : 79-^. 

L*iimidon est le principal gluclde de la graii« 6m Mgumiueus^, repr^entam plus de 45% dc scm pmds m^. Depuis qpiel- 
ques ann^, noire compr^r^ion de la relatioa entre la structure ^ 1& fbnctiwialiti^ de Tamidon s*^t oonsid^rablem^t 
am^lior^. Toutefois, les Asides oat port^ principalement sur les aitiidor^ des tubercules ^ des c^r^li^. On tend compte 
de r^tat i^^el de la coimisssmce sur la competition, la sttu<mire, la ifi[yiict]on!milt^» la dig^l»lilg la tncKllfic^cm chimique 
des airddons des l^gumlneus^. On revise aussl les concepts 6& structure, de g^timsadon, de r^ogr^tation et de xb^ologje 
du giaiii* (ki discute des besoiti^ de la redierche dans le domaine de la chimie de ratnidcMa dm l^gimii^yses. 

Mots cUs : amidoit des l^mtsetim, structufe, fonctiiMiiialil^, ffiodlficatkm, dlgestibtiit6« 

ETraduit par la R^ctioii] 



Introductioii 

Legumes are the dicotyiedoaous seeds of plants that belong 
to &e &injly LegiuniBOsao, which contains sbout 600 genera 
witih 13 000 species. Legumes are grown in many countries 
iiK^ding Ii^ia, Sri-Lanka, Mexico, Pakistan, Bangladesh, 
Africa, and South America. Legume cnltivation in Canada, 
unlike the countries listed above, are of recent origin. Produc- 
tion of legumes in Ontario (Canada) has ranged betw^n 
50 000 and 100 000 t annually, the value of the crop being 
mtitnated at over 160 million/year. About 20% of the crop is 
grown in other provinces of Canada for which statistics are not 
available. 

Research on the structure and functional properties of die 
main starches of conim^cc sudi as wheat, mm, potato, and 
rice have resulted in their extensive utilization in industrial 
applk^tlfms or fiDOd prcHluets. Furthennore, food uses and 
fuikjtional piti^ities of legume flours, protein isolates ami 
concentcatm have also studied extesmvely (Sosulski et al, 
1976; Sosuldd and Youngs 1979; Vose 1980; Sumner et al. 
1981). Howevcar, legume starcl^, form the main stor- 
agp coniiKHiieit (22-45%) of the seed, have been sub- 
jected to inte^ve r^arch and neitker have they been u^ 
v^ely in ttie food industry. It is likely that their lack of 
availability and their high retrogradation rates (Hoover and 

^This paper was presented at the symposium Starch in Human 
Nutrition, held lune 19 -21, 1989, University of Saskatchewan, 
S«s&Btoon vSask., Canada, and has unjfergone the ImtmA*B mmX 
peer review. 



Sosulski 1985a; Tjahjadi and Bns«ie 1984) may have been the 
main causative ^B^tors. It was recei^y reported that the higft 
retrogradation rates of legutne stardies could be reduced by 
chemk^ nKxiificstion (Hoover and Soaulski l9B5b; Hoover 
et 1988b) to levels that approach those of modified waxy 
maize starch* TOs, combined with their high tiiermal lability, 
should render legmne starch^ advantages for use in die food 
industry. Furthennore, the resi^nce of icgnme starches 
towards hydrolytic enzymes have bem of great interest to 
nutritionists, since they have l^n found to exhibit a lower 
glycaemic index than the cereals (Jenkins et al, 1980), thereby 
helping in the dietary control of dlab^es as wdU as arteri^ 
disease. 

This review summarizes the present knowl^ge on the com- 
position, ^ructure, functionality, and dig^tibility of native 
and modi^ iegun^ starches, wifli a view to providing sag- 
gestions for needed res^ch to improve the utilization of 
legume larches in the food industry. 

Starch l^lirtliin 

The isolation of starches from if^rn^ s^ds is difficult 
owing to the presence of insoluble to^lent protein and firm 
fiber, which dmmmm sedin^itotion and co^tte witfi the 
starch to give a brownish d^iosk (Schodi ai^ Maywaid 196B; 
Hoover and S^ulsld 1985a; Rek^it ami Youn^ 1978). 
Legume staft:hes are i^latsd using aipeoos technk|iies as well 
as pin Rolling and air classi&aticm (Rekh^ md. Youngs 
1978; Schodi ^ &d^aW 1968). Rektet and Youngs 
(1978) have tMmm tihat remiaiiiig and ieclaa2d£k^«bn of air- 
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clarified pea starch granute, followed by water washing, 
removes iiK^t of the residue prmein attached to the starch 
^&!iid€S« resulting tii a protein content of 0.25% in xbt washed 
starch. Repeated filtration thrmtgh polypropylene screens 
and 'K) ym) CGsnbrnsd with alkali tr^tn^nt (0.02% H^H) has 
be^ shown to cmise sisbstMitia! reductkin in the proimn con- 
tent of prcKre^ extr^^ legume sterch^ Monging to iht 
species Phmeolm vulgaris (Hmiver ai^ Sosulski 19S^)» The 
n^ttlting protein content was found to range fran 0J3 to 
0.52%. Low protein lentil stai^hes ha^e l^n pi^par^ by 
extr^tion of lentil ^eds at pH 7.5 --9.5 (Anderson and Eonto 
1976). C^onna et al. (198la> showed that bro^ bean mM 
smooth pea ^rd^ cotiid be extracted In high yielife ^3.8- 
96.7%) from their respec^ve flours after prcHeIn extractuHi at 
pK 9 mkk% different sieving (200—60 ^m) and washing comll- 
tions. T!i^ starches were ftnind to be cmtammaced mainly by 
(^il'Wali polysacc^teri<fes (less timn 4%). Hie prmein In 
starches cached frtm 03 to 0.4%. 

Granule sia;e and mlcro^oj^c af^p^raiKe 

The size and shape of legume starch granules are shown in 
Fig. I and Table I. The granule size is variable and ranges 
from 4 to 85 dt^^ending on the i^Uirdt source. Most of the 
granules are oval, altlMiugli^ spherical, rcmnd« elliptical and 
irregularly shaped granules are al^ found. When observed 
under a scanning etectron nticroscc^ (SBM) the surface of 
all gi^nuks appear smooth with no evidence of my fissures 
(Fig. 1). Most of ttie legun^ stardies are simple granules, the 
exception being wnnkled pea starchy which appears to be a 
mixture of sitnpk and compound granules, the latter being 
composed of 3—10 Indlvlduai sulmnlis joined tc^^er 
(Colonna et al. 1982). 

Proxinnate analysis and chemical imposition 

The proximate amlysis and chemical com|K>sition of legume 
starch^ wee Illustrated In Table 2. The isolated starches had 
prolein coitieitts reusing frcnn 0« 10 to 1 . 12% , The ash content. 
Inflecting coftfamination by fine fiber, ranged frcmi 0,03 to 
0.81%. The starcl^ were generally characterized by a low 
lipid content (<0.6%), the exception l^ing moth bean 
(0.87%). it Is now recognized (Morrison 19BI; Hoover ef ai, 
1 988a) that the mc^ effective solvent system for the extraction 
of lipids, whkh are inside lli^ ^rch grannie, is hot n-pro- 
panol— water (3:1 v/v). 

it Is unclear as to whether intemal lipids of native starch 
granules occur as Inclusiwi a>mplexes insi^ helical segment 
of amylo^ or they are simply entrapped l^tween tM starch 
componems (Morrison 1981), However, Mercier et aL (1980) 
have (bmonstrated conclusively the formulation of amylc^- 
lipid coiDf^lexes during extrusion cooldng. Hoover et aL 
(1988a) have shown, by the use of the above solvent system, 
the {Hresence of Intemal ^art^h IlpMs (0*09%) In Held pea 
starch. Mom. of d^ data cm the lipki om^:^ of kgpun^ storclK^ 
(Table 2) Imve been obtained by die use of scrtvimt syMems that 
have proved to be meffisctive in rmioviii^ in^mal ^an:h 
lipids. Therefore, in the light of these findings, the lipid con- 
tent of all legun^ Marches must be ^i^mii^. Such a Mudy 
is important, since lipki removal has been shown to alter 
jjtarch functionality (Maningat and Juliano 1980; Goshima 
et aL 1985). Legume starches are characterized by a high 
amyli^ ccmtent (24—65%) (T^le 2). Kawamum (1969) and 
Lind^i^k and Ke (1975) have rfiown that d^tmlmtmn of 
ani^l<^ content by caloilMion fttm the iocUne affinity of 



whole starch, assuming that pure amylo^ absorbs 200 mg 
iodif^/g of amylose (^hoch 1964), gave consistently higher 
values timn t!b& coloritnetric pixK:edure described by McReady 
and Hassid (1943). A i^kkI i^reement between these two 
nKitbods was reported for horae bean stm:h but not for cluck 
pea ^rch llJ.mbmck Kc 1975), Rcccndy, Morrisfm and 
Laigi^let (1983) develof^ an imjMoved coloritnetric proce- 
dure for the determination of apparent amylose (measured in 
the presence of amylose-complexing monoacyl lipids occur- 
ring naturally in die starch granule) and total amylose (mca- 
sured on lipid- free starch) . These authors have shown that the 
values for amylo^ content are low, if account has n<^ b^n 
taken of lipid-complex^ amylose. Hierefom, die discrepan- 
cies diat exi^ in the literamre widi respect to the amylose con- 
tent of legume starch^ may be due to diflferent methods used 
for amylose determinadon, varietal differences (Rosenthal 
etaL 1971; Shahen etaL 1978), physiological state of the seed 
(l^nks et aL 1974), or to the amount of amylose in lipid com- 
plexed form during estimation (Morrison and Laignelet 1983). 

Molecular structure 

Most starches are a mixture of two polysaccharides, amyl- 
ose and amylopectin. An intermediate fraction, which has 
properties closer to amylose with a lower molecular weight, 
is present in a projK^rtion from 30 to 35% in starches of high 
amylose content (Colonna etaL 1982). The characterization of 
amyic^ and amylo|wtin has been ouried out after solubiliza- 
tion and fracdooation. Fractkmation is effected by the addition 
of n-taitanol, which tnter^ts with die amylo^ helix, forming 
an insoluble conc^lex; die amylqpectin is then obtained from 
the supernatant. Amylopectin Is the major component aiKl con- 
tains branches macromolecides In which linear chains of (1 -* 
4)-of-i>-glucose residues arc connected dirough (I — 6)-a~ 
linkages (5—6%). Amylose, the minor component, consists of 
much longer linear chains consisting of a-D-glucopyranose 
residues liidced by (1 ~- 4) boiuls. However, a slight degree 
of branching hi^ been found in amylo^ from various sterch 
sources, the (kgree of branching in amylose being very much 
less than in amylopectin. Although, mudi information con- 
cerning the fine structure of amylose and amylopectin has 
accumulated from studies on cereal and tuber starches, little 
information has been forthcoming on the fine structure of 
these components from legume starches. Hiyslcochemlcal 
charactertsdcs of some legume amyloses are predated In 
Table 3. The Iodine binding capacity (IBC), limiting viscosity 
number (^), degree of polymerization (DP), and /3-amyolysis 
limit for amylose from legume starches arc in the range 16 — 
22, 136-280, 1000-- 1900, and 79-86.9%, res|^ctively. 
The molecular weights have b<^n determined only on select^ 
legume amyloses and they range from 165 000 to 312 0€0. 
The limiting viscosity number of legume amyio^s are lowr 
dian dio^ rt^r^ (Einks and Greenwood 1967) fcH- cett^ 
(330 -435) and poteto (410). Btliaderis et td. (1981) have 
^Kiwn that concurrent treatmoi^ of Ibgume an^li^es witft 
jS-amyl^ aiui pillulanasM^ resu^ in comply conversion of 
amylose into maltose, dius providing evidence of the existence 
of (1 — 6)>a-linkages In amylose and that diese linkages con- 
stituts the only barrier to the action of ^-amylase on amylo^. 

Biliacteris m aL (1981) and Colonna and Mercier (1984) 
have shown by gel diroraatography and light scatering tech- 
niques, resf^tively, ttiat amylop^tin fnm legume stercto 
have avemge modular wdghts greater dian 1.9 x 10^. 
iodine affinities, average chain lengdis, aiKl chain molar mdos 



© 2002 INIST CNRS. Tous droits de pfopri6t6 intellectuelle r6serv6s. Repfoduc*fon. representation et dimislon inlertttes. Loi du 1er juiitot 1992. /Vtlctes 5, 6 el 7 des CGV, 



HOOVBR AND S0SUL5KI 




Fk?. KSEMmictograpfas of native legume fta^^ (E)tfevybeaa. 
(Prom Hoover and Sosidi^ (l985aX with permtttkm.) 



have been Bhown to range ftom LOO to 5.3. 20 to 26, aiwi 4.2 
to 9.6, respectively, for mnylopectms fwm legamt starches 
(Biiiadms ei al. 1981). ColcmEia et aL (19S1^) have shown 
that the fim structure of amyiose and amykpectiii of broad 



bean and gmooth pea starches resemble those of normal cereal 
starches. However, the arystalline structure, studied by X-ray 
difitactometry and Bntnerization, was found to be intermedi-' 
ate between the cereal and tubor types. 
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Colonna and Mercier (1984) have shown the presence of a 
bra»di^ interm^ate fraction (18.9%) of low mol^ular 
weight (M„ — 25 1(X)) in wrinkled pea starch. It was found to 
contain die sasm short (S. DP - 15) and long (L, DP = 45) 
linear chains as amylopcctin, but the ratio S/L was 3.6, in con- 
trast widi 9.6 for wrinkled pea and 8. 1 for smooth pea amylo- 
pecrtlns. The presence of an intenii^i^ lhK:tion h^ been 
re|K»ted in c^er le^pme stait^h^. 

Cry^sdllnity of legiisie star<^es 

X-ray diliinibcioimtry has i^n to reveal the presc^ice 
and diar^::teristks of crya^nc structural of starch granules 
(K^ and Van Italile 1930; &rko and Wu 1978). Lc^me 
starches have been shown to exhibit a "C*' tyi^ (Hoover ami 
Sosulski 1985^1; Kawamura 1969; Sarko and Wu 1978; 
Colonna et aL 1981^; Lai and Varriano-Marston 1979) X-ray 
diffraction pattern, which is intermediate between the A 
(cereal) and the B type (tuber). The reasons for these differ- 
ences are not properly understood. Hizukuri (1985) has sug- 
gested that slight differences in the chain length and chain 
profile of tiiie constiti^nt amylopectin molecules may be 
re^nsible for tfiesc dlffo^iu:^ in X-ray patterns. Hoover 
and Sostdskl (19^) have i^own diat most legume starches 
are dtaracterked by two very strong intension lines centered 
at 17.2 and 18.1* 29 angles, which awnrcspond. respecdvely, 
to interplanar spacings of 5.15 and 4.98 A (I A = 0.1 nm). 
In contrast widi oth^ legume starches, wrinkled p^ starch 
exhibits a *'B" type X-ray pattern with peaks that are both 
brcmd and weak and widi die two main reflections centered at 
5.5 and 17 A 29 angles (Colonna ei al. 

Swelling power and solubiHty 

Legume stiurches have been shown to exhibit a single stage 
restricted swelling (Fig. 2) and low solubility patterns (Schoch 
and Maywald 1968; Toimasquim et aL 1971; Wankhede and 
Ramtcke 1982; Bl Faki ei al. 1983a; Hoover and Sosulski 
1985a). This is iiKiicative of strong bonding forces between 
s^mrch components diat relax over one tempetature and not at 
multiple t^peratures as in maize (Schoch and Maywald 
19^), The hig^ intermolecular attractk>n b^een stardi com- 
ponent may reflect an cwderly arrangement of polymer chains 
within the starch granule, permitting close parallel alignment, 
thus favouring maximum interaction via hydrogen bonding. 
L^me starcto show a wide varialion in swelling power (SP) 
and solubility. At 90*'C, the SP and solubility are in the range 
11-26 and 8—25%, respectively, and, in addidon, they 
exhibit rapid increases in SP and solubility within certain tem- 
perature ranges (60-9O'*C) (Schoch and Maywald 1968; 
Toimasquim et al. 1971; Wankhede and Ramteke 1982; El 
FakI etaL 1983a; Hoover and Sosulski 1985a). Hoover and 
Sosulski (1985a) have postulated that this may be due to melt- 
ing of the crystallites, whkh may involve a solvation-assisfed 
k^x-<oil transition of dieir chains (Biliaderis et al. 1980). 
This in turn would result in a gain in entropy that would offset 
the hydrogen bonding occurring in the crystalline regions lead- 
ing to increased swelling and solubility. Modification of 
legume starches by physical (Deshpande et aL 1982) and 
chemical (Deshpande etal, 1982; Hoover and Sosulski 198*)/?, 
1986) methods has been shown to affect SP and solubility. 
I>eshpatuie et al. (1982) have shown that black gram starch, 
subjected to h^t— moistore treatments (moisture content is 
adjusted to levels ranging from 18 to 27% (dry w^t) and 
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ihen the sample is heatc^J for 16 h at lOO^C and subsequently 
dried to 21 *C, or a I % (w/v) starch slurry is Ireated for 30 min 
at tempmnm^ ranging from 60 to 95**C and then cooled and 
frecsEe dehydrated), exhibited a higher solubility and a lower 
SF than native starch at 95 °C. This was attributed to a loss of 
granular structure and extensive amyiose leaching. Cross- 
linking with phosphorus oxychloride was found to reduce the 
solubility {at 95*'C) of black gram starch by approxim^ely 
63 % (Deshpande ei aL 1982) and the SP (at 85 ''C) of staml^ 
from lentil, faba bean» and field pea (Hoover and Sosuiski 

1986) by 35.5, 27.0, and 20.9%, lespecdvely. Acc^lation aiKi 
oxidation were found to cause otAy marpnal inciea^ in solu- 
btlity (at 95*'C) of black gram starch (Deshpande et aL 1982). 

Gelatinkation 

Starch, when heated in die preseiK:e of excess water, under- 
goes an order— disorder phase transition called gclatinization 
(Donovan 1979; Biliadcris et aL 1980) over a tmiperature 
range characteristic of the starch source. The above phase 
transition is ass<^iated with the diffusion of wafer into the 
gmnxile, hydration and swelling of the starch gmnuies, intake 
of heatf lo^ of crystallinity , <^teas^ relaxation time of water 
molecules, and amyiose leachii^ (Stevcms and Elton 1971; 
l^lievre and Mttci^il 1975; Donovan 1979; Hoover and 
Hadziyev 1981). Differential scanning cmlorimetry (DSC) has 
been widely used in the stiKly of starch gelatinization. The 
gelatinization temj^rature range, enthalpy of gelatinization 
(A^o), and tl^ effect of water content on gelatinization tem- 
perature could be studied by DSC. The semicrystalline nature 
of the starch granule led many researchers (Donovan 1979; 
Biliaderls et aL 1980; Hoover ami Hadziyev 1981; Paton 

1987) to use the Flory-Huggins (Flory 1953) thermodynamic 
venation lo interpret the relationship between water content 
and crystallitie melting observed during starch gelatintzation. 
In the plication of this equation, it was assumed that the 

"starch— water is homogenous and gelatinization occurs under 
equilibrium conditions. Evans and Haismann (1982) reported 
that die starch— water system is not homogeneous, since it 
consists of individual gmnules susf^nded in a variable amount 
of liquid phase. Furthermore, authors have postulated 
that, once starch granules reach their maximum swelling 
capacity, further changes in the amount of water added will not 
affect granule composition. Therefore, volume fractions for 
die Flory— Httggins equation should be based on granule com- 
position, rather than on the composition of the entire system, 
particularly when considering initial gelatinization tempera- 
tures. The det^tion of a glass transition endodierm just prior 
to the gelatinization endodierm led Maurice et til, (1985), 
Biliaderss et al, (1986), and Sl^te and Levine (1988) to postu-> 
late timt the process of starch gelatinization is inherently non- 
equilibrium in character, in that it occurs when starch granules 
are subjected to heat in the presence of plasticizing water in 
which crystallite melting is indirectly controlled by the kinetic- 
ally constrained continuous amorphous environment, which 
was in a glassy state prior to gelatinization. Based on these 
observations, di^ above authors came to the conclusion that 
the applicability of the Flory -Higgins equation to starch— 
water systems is ina|^ropriate However, many researchers 
OiHiaderis et aL 1986; Paton 1987; Russet 1987) continue to 
use the Flory —Huggins equation, since it pro vkks a reliable 
niNsans of cotnp^ng ^ bdmvkir of ^cii^ from different 
sou«:^ under idbntical experimc^iM ccmcHtioos, Of die vari- 
ous methods pres^tly available for the extermination of smrch 
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Fki. 2. The swellir^ and solubility patterns of legume statx;hes. 
(From Hoover and SosuJsId (1985a), with permission.) 



gelatinization, such as Kofler hot stage miccoscopc (Watson 
1964). X-ray diffraction (Zobel et al. 1988), DSC (Donavan 
1979), pulsed nticl^ magnetic resonance (Lelievre and 
Mitchell 1975). enzymatic digestibility (Shiotsuba 1983), vis- 
coamylography (Satahe et aL 1981), and smalKangle light- 
scattering photometer (Marchant and Blanshard 1980), only 
the Kofler hot stage microscope and DSC have been v^idely 
used in studying the gelatin ization temperatures of legume 
starcf^. The gelatinization temperatures (onset, mid- 
point, Tpi and eiKi, 7;), enthalpy of gelatinization (Ai^o), and 
the melting point of the most perfect crystallites (7^) for 
legume starches are presented in Table 4. As seen in Table 4, 
the numerical values for T^, Tp, and Tg, as determined by 
Kofler kit stage and DSC, are not in agreement In many ca^s. 
Them differences are more evic^nt with adbcuki bean and lentil 
starches. This discrepancy may be 6xm to varietal dif^reiK^e^ 
or to dlHer^ces In w£^r content of the ^rdi— water slurries 
used in tfie experiments. The effects of annealing, heat- 
moisture treatment, defatting, and food ingredients on the 
gelatinization temperatures of legume starches have not been 
reported. Deceases \\\ gelatinization temperatures and a 
widening of Hie gelatinization tcnipcraiure range were found 
to occur when legume starches were subjected to modification 
by ac^ktion (Comer and Fry 1978; Sathe and Salunke 1981; 
Hoover and SostilsM 1986), hydroxypropyktion (Hoover 
et id. 19881?), and cross-linking (I>eshpaiide et aL 1982). 
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Table 4. Thermal char^teristics of iegiime stardics 
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Wrinkled pea 
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Toknasqutn et aL 1971 
Lineback arul Ke 1975 
m Faki et aL 1983a 


Cow pea 


Hot stage^ 
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69 
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n Fakl et al. 1983c 


Horse gram 


Hot stage 


11 


76 
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El Fald et aL 1983a 


Lentil 


Hot stage 


58 
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Biliaderis et al, 1980 
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47 


57 


77 


3.4 
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Biliaderis et al 1980 



Ho-rm: T,, onset; T^, intdpotni; 7^. cndpoint of e^minizatkm. AH, CfUln^ of getatmiaitiGui. r^, m^mg pom df iwMt peffbd cryst^l^ in the tbsence of water («a!oii!ated using 
live Flory "Hugg{ns cqi£^io»: Donovan 1979). 
'DSC mcasurcmcms at i^R:h:i^ier ratios of \ :2. 
^Get«tinteatkui tctnpemmrfc nrngc on five yariciicii of cow pea. 



Refrogradation 

Starch granules, when heated in excess water above their 
gelalini^ation temperature, undergo irreversible swelling, 
resulting in amy lose leaching into solution. In the presei^ce of 
a high starch concentration, this sm pension will form an elas- 
tic gel on cooling. The molecular interacdons that occur after 
cooling have been caUed retrogradaiion. These tnter&ctlons 
are ibund to be botfi tin© and ten^esranire dependem. Miles 
et al. (1985) sliowedt with the aid of physical techniques, diat 
amylose ge^lation occuj^ m a r^idt of a pha^ separation, 
whidh producers regions that are rich and deficient in polymer 
and that, if the amylose cono^iUraticm is sufficiently high, tl«j 
region rich in polymer fomrm a thre^ dimensional network. 
Amy lose crystallization was found to be a .sccorulary process, 
occwrlng In the region rich in poly^ncr, Milc;> a al, (]9^5) 
ami Ring ct aL (1987} attributed the initial gd firmness during 
gelation to the formation of an amy lose matrix gel and die sub- 
sequent sl«w iiK^i^B^ la g^l finnnei^ to amylopectin crystalli- 



zation. Heterogeneous acid hydrolysis of waxy maize 
amylopectin gels, followed by gel permeation chromatography 
studies on the residue (Ring et aL 1987), revealed that amylo- 
pectin crystallization occurs by association of amylopectin 
molecules with DP 15. The crystallization of amylopectin 
was shown to be revearsiblc at temperatures below 100** C, 
whereas the initial gelation ami crystallization of amylose was 
irreversible even at 100°C (Miles et al, 1985; Ring et aL 
1987). This indicate a greater <^pee of nKil^ukr interaction 
in the latter. X-ray diffraction and ^esar modules stiKlie^ on 
varions srtarches (Orford ei al. 1987) ahowed tihat the initial 
ratsss of <fevclopment and stffiiess of gels followed the order 
smooth pea > maize > wheat > potato, virile the long-ierm 
increase followed the order smooth pea > potato > maize > 
wheat. The latter process wm found to be more important at 
high ?,tarch conceittratiuiis. Differences in fine structure of 
amykjpe^^tins, and also in the extent of a^octation between 
starch components, may account fbr the above observed retro- 
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gra<ktlon tendencies. The freeze— thaw stability of starch gels 
is an important characteristic of food starches. This stability 
is delennined by gravimetric measurement of the water 
exuded (syaeresis) from a gel after it has been frozen and 
thawed. This exudation occurs owing to the reassociation of 
linear starch molecules (retiogradation). This high rctrograda- 
tion tendencies of legume starches was also shown by Hoover 
and SosnlBki ( 1985a) and Tjahjadi and Bicene (19S4) by mem- 
^romni of die ckgree of synere^s during low temperature 
smmge* Tl^ hig}i <feg?nse of syt^^sis makes native legutm 
^tarchn^ unsuitable f<r use in foods requiring low temperatttre 
giori^e* However, modificitfton by ma^tylsAon and hydroxy- 
propylalion wm fouiKt to significantly decease the extend of 
syneresis to levels that may be acceptable to food processors 
(Hoover and Sosulski 1986; Hcmver ei aL 1988^). 

Rheology 

Rheological measurermnts on starches are routii^ly carried 
otic in the food industry to test the ability of the starches to 
ftinctian effectively as thickening agents* Comf^red with 
cereal and tul^r starches, infonnation on the rheological 
characteristics of legume starches is iimtled. Although the 
Brabender/Visco/Amylogram (BVA), Ottawa starch viscome- 
ter (OSV), and rt^tional viscon^rs have been utitod to 
examine starch rl^logy, only the BVA (Stehoch and Maywald 
19^; Umsback and Ke 1975; Yang et dl. 1980; Ui and Chang 
1981; S^the and Salunke 1981; El Paid et aL 1983a; Tjahjadi 
and Bfcene 1984; fitoover and SospyilskJ 1985a; Abbas et al. 
1986; Paredes-Lopex et aL 1988) and OSV (Bhatty and 
Sitnkard 1979; Doubiicr 1987) have been used in the case of 
legume starches. Some researchers (Steeneken 1989; Muhr- 
bcck and Eiiasson 1987) are of the opinion that rheological 
properties of staiches cannot be properly assessed using the 
BVA, since the visa>sity measurements are made under non- 
laminar flow conditions and, in additkm, the starch paste is 
aibjected to both thermal and mechanical treatn^nt, thus mak- 
ing it di^cult to relate viscous b^aviour to only one of these 
param^rs. However, die WA is useM in comparing the 
overall liieological behaviour of starches (from vaiiotj^ 
sources) under idei^ical conditions (conce»itration» pH, and 
shear). In rheometers, utilizing the cone and plate or coaxial 
cylinder geometry » die thermal trcatn^nte are separated from 
sh^r effects. Iliere is, thus, a need to extend the use of 
rh€«n^ters to investigate the rheology of gelatinized legume 
starch suspensions under well-defin^ flow regimes and to 
compare these results with those obtaif^ from the BVA, 

In the BVA, all legume starch^ show the absence of peak 
viscosity, constant or imre^ing viscosity during the holding 
period Cat 95*C), a high ^tback aiKi a constant cold paste vis- 
oisUy during agitation at 50**C. Such a behavior is indicative 
of a hi^ <^ree of in£^m:tion between starch components. 
Most leguom stafclsss eidiiblt a ^pc C (restricted swellii^) 
vismsity fmttern (Schoch and MaywaW 1968). However, 
tepary bean (Abbas et aL 1986) and mung bean (Schoch aiKl 
Maywald 1968) starches exhibit a mixed viscosity pattern 
resembling type C at low concentrations and type B (jnodcrate 
swelling) at higher concentrations. A type D (highly restricted 
swelling) viscosity pattern, however, is shown by wrinkled 
pea starch (Schoch and Maywald 1968). E^rea^s in initiid 
pasting temperattif^ and incr^es- in tl^ 95 viscosity, 
shear ^lli^» and i^-b®cfc weie i^served in legume starches 
subject m acetyli^on (Comer and Fry 1978; Hoover arrf 



Sosulski 1985^). Cross-linking of legume starches with phos- 
phorus oxychloride was found to deci^use their initial pasting 
temperatures and the 95**C viscosities, but conferred great sta- 
bility against vi.scosily breakdown during the holding period at 
95*0, and also increased the extent of setback (Hoover and 
Sosulski 1986), The effect of cross-linking in reducing the 
extent of amylose exudation and in increasing granule stability 
has been shown by scanning electron microscopy (Hoover and 
Sosulski 1986) of samples taken from the BVA at various time 
intervals. 

DtgeslibUlty 

LeguR^^ starclKSS in foods have been fc«r^ to be more 
digestible dian potato or high amylose maize starch but less 
digestible thmi oereal or cassava starch (Drdicr et aL 1984; 
Hoover and Sosulski 1985aa; Ring et aL 1988). Ring et aL 
(1988) have shown that, during a 24-h digestion period with 
porcine pancreatic a-amylase, the percentage hydrolysis of 
native starches from wheat, maize, smooth pea, and potato 
were lOO, 95, 67 and 15%, respectively. A similar observation 
made by Hoover and Sosulski (1985^) wIk> showed that, 
during a 6-h digestion j^riod, corn starch was hydrolyzed to 
the extent of 75% by porcine pancreatic ce-amylase» whereas 
the corresponding values for legume starches belonging to the 
species Phaseolus vulgaris ranged from 26 to 35%. These 
differences in the in vitro digestibility of native starches among 
and within species have been attributed to the irrterplay of 
many factors such as starch source (Ring et aL 1988). granule 
size (Snow and O'Dea 1981; Ring et al. 1988), starch- 
protein interactions (Wursch et aL 1986), amylose/amylopec- 
tin ratio (Dreher et aL 1984; Hoover and Sosulski 1985a; 
Holm and Bjdrck 1988; Ring et aL 1988), percentage of 
retrograded starch (Ring et aL 1988)^ extent of nK>lecular 
association betw^n starch components (Dreher et aL 1984; 
Hoover and Sosulski 1985a; Holm and Bjorck 1988), physical 
distribution of starch in relation to dietary fiber components 
(Rao 1969; Snow and O'Dea 1981; Dreher ^rai. 19 W), anti- 
nutrients (Thompson and Gabon 1987; Thompson and Yoon 
1984), a-amylase inhibitors (Puis and Keup 1973), degree of 
crystallimty (Dreher et aL 1984; Hoover and Sosulski 1985a; 
Ring et al. 1988), amylose chain lengtti (Jood et al, 1988), 
amylose- lipid complexes (Holm et aL 1983), and the influ- 
ence of drying methods and storage conditions (Kaylsu and 
Hood 1979). It is likely that differences in the ot^erved 
digestibility of starch samples could also be aUributed to dif- 
ferences in the a-amylase activity of enzyme preparations. As 
seen in Table 5, the extent of in vitro digestibility of black bean 
and chick pea starches was found to depend on die source of 
a«amaylase (Roscaithal and Nakamura 1972; El Faki et aL 
198^; Hoover ai^ Sosulski 1985a; Soccorm et al. 1989). 
Thoe is a need to extend this study to other legun^ starches 
as well. Changes in the molecular size of hydrolytic products 
during a-^mylolysis of legume starches and their CKHnptsrimts 
(amylose and amylopectin) also needs inve^adon. 

Indies of ^utially digested raw starch granules (M Faki 
et al. 1983ft; Ramadas Bhat etal, 1983; Hoover and Sosulski 
1985a; Tliaranthan and Ramadas Bhat 1988) have been tm6e 
using Minniitg electron microscopy. Unlike in digested ceieal 
staicheSj which exhibit numerous pinholes on the surface layer 
(Fig. 3) with those ^res i^netrating into the granule ^ron^k 
et aL 1972; MacGregor and Baliance 1980; Hoover ar^ 
Somilski 1985a), legume starches (Ramadas Bhat etaL 1983; 
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Tablb 5. In vitro tmylolyit* of l^uiae staKChet 



Starch 


Sottrce of a-axnykae 


Reaction time 


D^;ree of kydiolyais (%) 




source 


Ch) 


(maltose eqotvalb]^) 


SiOurce 


Black gram 


Type XA firtnn 


I 


Not detected 


Thanmathan and Ramadas Bhatt 1988 


Ottck pea 


A^mgUlus niger 






Human saliva 


3 


24.3 


EI Paki et at, l^Si? 


Cow pea 


Bacillus subatis 


2 


41 


Rosenthal and Nakamura 1972 


Human saiiva 


3 


17.7 


m Faki et al. vmb 


Horse gram 


Human saliva 


3 


15.3 


El Fakl <^ imb 


Lablab 


Bocillus siibtiUs 


2 


30 


Rosentittl and Nalcamura 1972 


Jack bean 


Bacillus subdtis 


2 


25 


Rosenthal and Nakamuia 1972 






V 


Jt.4 


Hoover and So^ilaid 1985a 


Black bcsan 


Pancreatic porcine 


6 


34.8 


Hoover and Sosoldci 1985d 




Pancreatic porcine 


3 


49,3 


Soccorro er al. 1989 




Pancreatic porcine 


3 


30.x 


Soccorro ^ al. 1989 


Smooth pea 


Pancreatic pcMcine 


3 


66.1 


Soccono ci al. 1989 


Pancreatic porcine 


5 


71.4 


BOiaderls 1982 




Pancreatic pc»cine 


24 


67 


Ring era(. 1988 


Navy bean 


Pancreatk porcine 


6 


32 


Hoover and Sosntski 1985a 


Northern bean 


Paocreatk: porcine 


6 


29 


Hoover and Sondski 1985a 


Pinto bean 


Pancreatic porcine 


6 


25.2 


Hoovor and Somlski 1985a 




Pig. 3. SBM microgn^ of an oHunylase liydroiyzed wheat starch gramiie. (Prom Drcnusek «r a/. (1972), with peniu«ston.) 



Hoover and Sosulski 1985a) generally exhibit only rmigh^^d 
surfaces indicating surface eroskni (Fig. 4). However, El Faki 
etal. (1983^) reported that salivary a-amylase attacks cowpea 
and horse gram starch causing pitting as well as surface ert>- 
sioti resulting in onion-type layering of degraded granules. 
Attempts have been made to improve the in vitro digestibility 
of legume starches by cooking (Rao 1969; Kumar and 
Venkataraman 1976; Fleming 1982; loo^etal, 1988), soaking 
(lood et al. 1988; Kataria and CHiauhan 1988), aiKi germina- 
tion (Kumar and Venkataraman 1976; Jaya and Venkataraman 
1980; lyod and Reddy 1981; Jood et al. 198S; Kataria ami 
Chauhan 1988). Kitfaria md. Chauhan (1988) showed that 



sodddng mnng beans for 18 h increased starch digestibility by 
40%. However, soaking of chick pea or black gram for 12 h 
was found to increase digesdbiiity only marginafiy. Ordinary 
cooking of soaked aini unsoaked seeds increased gtarch diges- 
tibility of mong bean (Kataria and Chauhan 1988) by 623 and 
555%, respectively. The corresponding values were 207 and 
145% for black gram (Jood et al. 1988) and 163 and ^.6% 
for chick pea (Jood et al. 198S), Autoclaving of soaked and 
unsoaked mong beans (Kataria ami Chauhan 198S) increased 
stan^ digesdbflity by 987 and 808%, respectively. Similar 
fioidiags were reported by Jood et at, (1988) on soaked, amo- 
daved chick pea and black gram where the ifK:rea^ in diges- 





FtG. 4. SEM microsrafilis ofa-an^lase hydralyzed (1 h) kidney bean starch granules. (Prom Hoover and Sosulski (l98Sa) , with permission.) 



tibitity amounted to 453 and 580%, respectively. The 
di^erences in starch dige^ility during cooking and autodav- 
ing may be due to differences in the extent of swelUi^ gelatin- 
izatkm, and destruction of the crystalline strwrture of the 
starch granule. 

The digestibility of starch from germinated seeds of mung 
bean (Kumar and Venkttataman 1976), chick pea (Jood et al. 
1988), and black gram (Jood etaL 1988) was found to be three 
times the digestibility of ungenninated seeds. Ck)oking was 
found to increase the digestibility of starches from germinated 
beans (Kumar and Yenkataraman 1976; Jood et al. 1988). The 
digestibility of starches from cooked, germinated chick pea, 
cowpca, and green gram was foutul to be two to four times 
highNsr than that seen with uncooked germinated seeds (Kumar 
and Venkataraman 1976). Tlw corresponding value for black 
gram and chick pea was 1.3 (Jood et aL 1988). 

£1 Faki et aL (1983!?) investigated the in vivo digestibility 
of starches from chickpea, cowpca, and horse gram. They 
estimated iIkj in vivo starch digestibility compared with tfiat of 
com starch by determining die increase in weigjits and con- 
tents of small intestine and caecum, apparent digestibility, and 
faecal weights of rats. The in vivo digcsdbility of the legume 
starches was lower than that of corn. The weight gain and 
apparent starch digestibility followed the order com > chick- 
pea > horse grajii» while tl» faecal weight and weights of 
organs and their contents fi»llowed the order horse gram > 
cowpea > chickpea > dKn. The caecum pH of rats fed 
legume starches was distinctiy acidic tn comparison to that of 
rats fed com starch, which was neutral. The acidic pH of the 
caecum was attributed to the formation of carbon dioxitte and 



organic acids as the result of fermentation of indigestible car* 
bohydndcs. Scanning electron microscopy revealed that, of 
the three legume starches tested* chickpea starch granules 
appeared to be more digesdble, botfi by in vivo and in vitro 
systems (El Faki et at. (1983i>), These authors have postulated 
that the acttud composition of starch per se may decide the 
nature, type, and degr^ of amyloiysis in in vitro systems, 
while in in vivo sy$t«ns die combined action of different 
enzymes, including those from microorganisms, and changes 
in pH may bring about stgniftcant hydrolysis of native starch 
granules. Fleming and Vose (1979) and Fleming (1982) inves- 
tigated the in vivo digestibility of several legume starches by 
estimating die starch content of the rat caecum. These authors 
found diat, with the exception of high amylose wrinkled pea 
staich, all other legume starches were 100% digestible. 
However, the legume starches reduced the digestibility of 
casein protein by 3— 4%. Fleming (1982) showed that drying 
and cooking methods do not improve in vivo starch digestibil- 
ity. This was in contrwiiction to the in vitro sti^ics. This 
seems to indicate that the mechanism of digestion of legume 
starches under in vitro and in vivo conditions needs to be inves- 
tigated more thoroughly. Such a study is of importaiKJe owing 
to tte recent interest in including legumes as a part of tite diet 
of diabetic patients (Jenkins et al. 1980). 

Modification of legume starches by substitution has been 
shown to decrease their in vitro digestibtlity by porcine pan- 
cres^c <x-amylase (Hoover and Sosulski 19S5£», 1988ii). 
I>ecreases of 23.8» 5.8. and 5.2% were observed in acetylated 
(degree of substitution —0.05) starches of black bean, navy 
bean, and pinto bean, respectively (Hoover and Sosulski 
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19856). After a 64i hydrolysis with tt-amylase, both native 
and acetjflated black ton starch granules were found to 
exhibit rougjicncd surfaces. However, the number of granules 
attacked by a-amylasc was very much less in the latter 
(Hoover and Sosulski 1985^). These authors have postulated 
that the reduced rate of hydrolysis seen with acctylated 
starches may involve both steric and electronic factors. Simi- 
lar <tecr^s^ in hydrolysis have also hmn observed with 
hydroxypropylated field pea starch (Hoover et aL 1988^), 
Increasing tihe level of nK>lar substitution (MS) was found to 
cau^ an initial decnea^ in dig^tibility fdilowed by imx^^ 
at MS levels beyomi 0.08. Scanning dectms microscopy 
reveai^ that mo^e starch granuli^ were dbgmcbd at MS = 
0.12 tfian in the native starch (Hoover et al, I9%%b). The 
above autfwrs attributed the initial decrease in hydrolysis, at 
low levds of MS, to the steric hindrance imposed by the bulky 
hydroxypropyl groups on C2 towards the action of the cata- 
lytic carboxylate anion of a~amylasc on the glycosidic bond* 
The subsequent increase in hydrolysis at high levels of MS 
(0, 12) was attributed to an increase in the SP of the amorphous 
region of the starch granules. At high MS levels, SP was found 
to be more impor^nt dian steric factors in inflti^ncing enzymic 
activity. Legume starches cross-linked with phosphorus oxy- 
chloride were foujod to exhibit only mar^nal dectea^ in th^ 
extent of hydrolysis (Hoover and Sosulski 191^. Recently, 
there has be^ much intere^ in characterizing resistant starch 
(RS), since it behaves as a di^ary fiber, in esci^ing digestion 
in the snail intestiiie, but being r^ily fermaited in the colon 
by0iicroorgattisras(A^^£rf. 1986; Bjdrck^o/. 1986, 1987; 
Englyst and Chimmlngs 19S5: Englyst and MacFarlane 1986; 
Siljestrom ami Asp 1985; Wyatt and Horn 1988). Resistant 
starch formation has been shown to o<xur only during certain 
food-processing operations such as baking and autoclaving 
(Russell et al. 1989; Siljestrom and Asp 1985). Russell et aL 
(1989) imve shown that purified wheat RS was lai^ly cari>o~ 
hydrate of which the sugar composition was greater than 96 % . 
Gel permeation chromatography has revealed that wheat RS 
exhibits a distiibution of low molecular weight gliKJans with a 
DP m the range 60-65 (Russell et al, 1989; Siljestrom et aL 
1989). Furthermore, incubation of wheat RS with isoamylase 
was found to cause ik> changes in ^ apparent DF» indicating 
that RS was composed of short stretches of linear (1 — 4)-a- 
l^ucatis with amylose niola::ule8 (Russdl et al. 1989) that 
prefer^tialiy crystallize from solution during aK>ling of 
cooked starch pastes and are free of molecular interactions to 
move into crystalline arrays (Russell et aL 1989). The increase 
in RS content during autoclaving has been attributed to the 
mobilization of starch polymers owing to granular swelling, 
which results in separation followed by crystallization of the 
amylose chains. Sievert and Pomeranz (1989) have also 
shown, with the aid of thermoanaly tical , enzymatic, and 
microscopic methods, that RS is mainly derived from recrys- 
tallizcd amylose. Although amylose crystallites are respon- 
sible for RS formation, it is still not clear when these 
crystallites are formed. For instance, Russell et al, (1989) 
Imve fK^ilat^ that, since RS is fanned during tiie interaction 
of amylolytk ensEymes wiA starch, it is fKmible that short 
diiaia (1 — 4HK-*glucans could cnrysteUize as se^aiate mole- 
cules mi^ilkied by tel^;^ from the amylose, rather than as 
theroially im>bili2^ chains wiAin the amylose inacromote- 
cules. MoM of tte ^ttictoral stodies chi RS Mve been on 
starclM^ ton whc^t, afiiylomai2;e» and waxy maize. RS frmn 



legume storches, with the exception of paa starch (Ring et aL 
1988), have received only scant attention. This is rather sur- 
prising since their high amylose contoit and wide variations in 
the magnitude of bonding forces (bc^we^n starch oimponents) 
and r^xogradation rates may provide oK^rc snsigfats into bow 
th» factors ccnjld affect the mediankm ^kI extent of forma- 
tion of RS. 

Abbas, L R., Scheereks, J. C, TIinslby, A. M„ and Bbery. I W. 

1986. Tepary bean starch. Fart II . Rheologicai prc^jerties and suit- 
ability for use in foods. Stacrke, 38 351-354. 
ANnas^K, C G„ md Romo, C R. 1976. MuetKe of extmction 

n^um 1^ on the prolan cimm, of sofi^ le^pme starch, i. 

JF^ Techflol. 11: 6i7-6S4, 
Ash N. G., BidROc, Horj^i, I, Nvmah, M., and SiuEsraoif, M. 

1986. Bm^im resistsM starch fii»^ioiis and dktaxy fiber. Scand. 

J. Gastroenteit^. Suppl. X2»: 29-35. 
BaNKS^ W. » aiKl Gkbekwood, C X 1967, Iliysicod»»nical stipes <m 

starc!^. the incomplete beta amykilysis of anr^lose. Staerloc, 19: 

197-201. 

B^N^. W., Grebhwood* C T., and Muia, O. D. 1974. SUidks chi 

the biosynthesis of ^arch gr^ul^. 9. The stmt^ granules from 

wrinkled seeded peas. Staerke, 26: 46-49. 
BHKtTV, R. S. 1988, Composition and quality of lentil {Lens cuiimris 

Medik): a review. Can. last. Food Scl. Technol. J. 21: 144-160. 
Bh/oty» R. S., and Sunkaro, A. B. 1979. Conipositk)n, starch 

properties and protein qualify of l«itils. Can. Inst. Food Sci. 

T^noL J. 12: 88 -92. 
BiLlADEKis, C. G. 19^. Physical characteristics, enzymatic digest!- 

btlity and structure of modified smooth pea and waxy ma^e 

starches. J. Agric. Food Chem. 30: 925-9^. 
BiLiADERis, C. G., Grant, D. R., and Vosb, X R. 1979. Molecular 

weight dtoilMitions of l^me ^ches by gel chromatography. 

Cereal Chem. 56: 475 -480. 
BiUADERis, C. G., Maurice, T J., and Vose, X R. 1980. Starch 

gdatinization phenomena studied by difier^rtf^l »^nning calorim- 

ctry. J. Food Sci. 45: 1669-1^74, 
Biuadbris, C Gm Grant, D. R., and VbsE, J. R. 1981. Structaral 

oharacterizadoti of legume starches. 1. Studies on amylose, amylo- 

pectin and beta-linut dextrins. Cereal Chem. 58: 496^-502. 
BiiJADERis, C. G., Page, C. M., Mauxicb. T. J., and Juuano, B. O. 

1986. Thermal characterizatiioti of rice starches. A polym^tic 

af^roach to phaae transiti<»is of g^ramtkr starch. I. Agne. Food 

Chem. 34: 6-- 14. 

BjdRCK, L, NyMAN, M., FB06RSEN, B., SlUESTROM, M., ASP, 

N.-O., and Bgoum, B. 1986. On the digesdbility of ^rch in 
wheat bread: studies in vim) aal In vivo. J. Cereal Sa. 4: 1 - 1 1 . 
1987. Formadon of enzyme resistant starch during autoclav- 
ing of wheat i^rc^: in vitro and in vivo. J. Cereal Sci. 6: 

159--172. 

CoLONNA, P., and Mimam, C 1984. MacronH>lecular structure of 
wrinkled and smooth pea starch components. Carbc^ydr. Res. 
126: 233-247 

CoijONJ^a, E, Gallani; D., and Mercier, C. 1980. Pimm sativum 
and Vida faba carbohydrates: stodies of fractions obtained after 
dry and wet protein extraction processes. J. Food Sci. 4St 1629 — 
1636. 

CoiONNA, P., GuEGUBRN, I, and Mercier, C. 1 98 la. Pilot scale 
preparation of starch and cell-wall material from Pimm sativum 

md Viria faba. Sr.i ^nm^r^\l. 3" 4i5~426, 
CoixtNNA. P., Bi LiHON, A . cjid Mlrcjer, C 1 9S \ h , I'L^um sativum 

md Vicia faba carbohydrates: stnictiiral .snjdies of KtiuchcK. J. 

Pc^ Sd. 46: 8g-93. 
CoLONNA, P, Bo LEON, A., LeMagurr, M,, and Mbrciek, C. 1982. 

Fisum sativum noA Vicia faba. Carbohydratej: . Pait FV. Graaular 

slni^re of wriaid^ pea starch. Carbohydr. Polym. 2: 43-59. 
CoKBE, R W., and Fry, M. K. 1978. Purification, modificatkm and 



2002 INfST CNRS. Tous droits de pfoprm^ toifetlectuefte rdserv^. R^oductiofi, repr^seitation ^ diflu&icm IfrterdHes. Loi du ler Juillet 1992. Articles 5. 6 et 7 des CGV. 



CAN. J. mmoh. niAKMA€x>L. vou mi 



90 

D. 19S2. PuiK^iiiil prc^rtibi of mMTi^ black gmm 
(Pkmeabis mtngo L.) starch. I. Pood Sci. 47: 1528— 1533 » l€OZ. 
Doi«mH, J. W. 1979. Phase tmaskHKss of sisrch-- water system. 

Biopolytnei^, 18: 263-275, 
DouBJLiim, X L. i9SZ A rheoiogicat c^mparimia of wteat, Kmize, 

falmt^n and snrotfi pm Arches. J. Cereal Sci.. 5: 247 --262. 
DmMiiR, U. L., Bb^y, X W., ami Dkehee, C J. 1984. Strch di^ti- 

hMty of fc«ds — a autiitioiial |^rs|««tive. Crit. Rev. Food 

Hatf. M: 47-71. 
08^z35K, B. L., HWAHG, E, tndBmHiii:, W. 191%. Scannuig clec- 

tmn microscopy of i^ardb h&m sfatmted wlwat. Cereal Chem. 49: 

232-239. 

El Faki, H. a,, Desiemthar, H. S. R., Paramaha.hs, S, and 
TBAmmrHAn, R. 1983a. Phy&icocheniical chatiacieristics of 
^r^es from duckpea, cowpea an4 hon^imia, Smfirioe^ 38: 

118-122. 

El FAia, H. A., Oesikachar, H. S, R., Taheen, J. A. K., and 
ThfAKANATHAN, R. N. 19836. Scanning elcx^tron microscopy of 
in vivo and in vitro digested starch granules of chickpea, cowpea 
aad hors^^ram, Lebea^m.-Wiss. Techno}. 17: 276—281. 

Bnglvst, H. N., and Cummings, J. H. 1985. Diction of tf^ poly- 
sacdiarides of some ceral foc^s in the Imizian small intisstine, Aiti. 
J. Clin. Nutr. ^: 

Engorst, H. N., MAcpARtAHB, G. T. 1986. Bfeakdowa of resist- 
ant and r^ily dti^^ble mrdti tiy huimui gut bac^m. J. Sci« 
Food Agric. 37; 699-706. 

Evans, L D., and HArsMANN, D. 1982. Tlic effect of scrfutes on 
the gelatiniz^oa tenqpemtuie ran^ of pmato starch. Sta^e, 34: 
2^-231. 

PLEMINO, S. E. 1982. Inflf^Hce of cooking roediod on digestibility 

of Ic^me and cereal mrdics. J. Food Sd.. 47: 1-3. 
PtSMiKG, S. E., mi Vom^ I 1979. Digestibility of raw and 

cooiKsd stafches fiom legiazie seeds using the labor^iy rat. J. 

Khitr, 2067-*2075. 
I^RY, E f, 1953. Prindphss of polynusr chemistry. Comell Univet- 

sity Frofs, Ithaca, NY. 
Cky^MA, a, Abe, M., Sxm, N., Ohashi, K,. and Taism, H. 1985. 

Amylopaphic repcodudbility of defatted pattim stardi d» 

ze-sntinodiK^don of lipid. Stacrice, 37: 10— 14. 
HizuKUW, S. 1985. Reiaaonship between the distrtbutkjn of the 

chain length of amyloj^tin ami the crystallii^ stmcture of stardi 

granules. Cartmhydr. Res. 141: 295 -306. 
Holm, J., andBjdRCK, L 1988. Effectofth^mal processing of wheat 

on starch, ff. Bnzymic avail^ility, J. Cereal Sci. 8: 261-268. 
HoiJif, J., BjdRCK, I., O^RowsiCA, a, EUASSOK, A,-C, Asa M. G,, 

Larrson* K.. and Lundquist, I. 1983, Digestibility of 

amylose- lipid coin^lexes in vitro and in vim, Staerke, 35: 

294 - 297. 

Hoover, R,, arrf Hadziyev, D. 1981. Characterization of potato 
smrch and its mwglycmde complex«^« Staerke, 33: 2m -3m, 

HoovM, R., and SosuuKi, F W. 1985a. Steadies on the fiiaoional 
characteristics and digestibility of starches from Phaseolus vul- 
garis biotypes. Staerke, 37: IBl "191. 

1985/?. A comparative study of the effect of acetylation on 

Marcte of Phaseolus vulgaris biotypes. Staerke* 37: 397-~~403. 

— 1986. Effect of crcm-ltnking on ^inctional properties of 
legume starches. Staerke, 38: 149-155. 

HoovBR, R., CuKviwM, L., TMlton, S., and Somism, F. W. 1988^. 
lipid composition of field pea (Pisum sativum cy. Trapper) seed 
and starch. Staerke, 40: 336-342. 

Hoovaie, R., Hannouz, D., and Sowlski, E W. 1988/? Etf^cts of 
hydrO3C5^[ff0|iylitott cwt tticrtnal prqjerti^, star«At digestibility and 
fre^-thaw i^aWty of field p^t (risum mtmrn cy. Trapper) 
^rdh* S^rke, 4»: 3^-387. 

Ja¥a, T. v., and "mm^mmm, L. V* I9m. laflue^ice of germiM™ 
tiofi on tbi caibc^ydraie d^ei^biliQr (|« ^tm} chidl(|»ea (O^r 



arietmmn) and gr^n gram (fitaseolus mrem). ItKUan J. Hittr. 

Dfet. IS: 62-68. 
Imtums, D. X A., Wolbveii, T. M. S., Taylor, R. H„ Barker, 

H. M., and Fielder, H. 1980. Excf^onally low blood glu^^c^ 

response to <bied b^ns: comparison with other carbohydrate 

fwls. Br. M^. i. 281: 578-583. 
Jooo, S., Chmiham, B. M., Kahw>r, A. C. 1988. Contents 

digc^bility of carbohydn^es of chickpea and black gram as 

alf^ted by dom^c processing mud coercing. Food Qiem. Mi 

113-127. 

Jwrri, B., and Reoov, R. R. 1981. The effect of genniimtion and 
cooking on the in vitro digestibility of starch in some legumes. 
Ntitr. Rep. Int. 799 -804. 

Kataria, A., and Chauhan, B. M. 1988. Contents and digestibility 
of carbohydrates of mung beans {Vigna radiata L) as affected by 
domestic proce^ing and cooking. Plant Foc^s Hum. Nutr. 38: 
51-59. 

Katz. J. R., and Van ImLUE, T. B, 1930. Abhandlungen zuv phy&i- 
kalischen chemie der Starke und eler brotbereitung. V. Alle sisxx- 
kcarten haben das gleiche. Rctrogradations spektrum. Z. Phys. 
Oiem. 150: 90-100. 

KAWAMiJst4» S, 1969. Studies on the starches of edible leguM seeds. 
J. Jpn. Sck:. Sterch Sci. 17: 19-40. 

Kavisu, K., and Hood, L. F. 1979. Effects of dehydrattoo and 
storage c^mliticms on the pancreatic a-amyla^ suscepdbfti^ of 
various starches. J. Food Sci. 44: 1728-1731. 

Kumar, K. G., and Venicataraman, L. V. 1976. Studies on in vitro 
digestibility of starch in some legume^j before and after germina- 
tion. Nutr. Rep. Int. 13: 115-124. 

Lai, C. C, and Var&iano-Marstoh, E. 1979. Studio on the charac- 
teristks of black bean starch. J. Food Sci. 44: 528-530, 544. 

Leuevre, J., and Mttcbeix, J. 1975. A pulsed NMR snidy of some 
a^seets of sterdi gelaimizatk)n. Staerke, 27: 113-115. 

Lii, C y., ami Chah^ S. M. 1981. Characterization of red bean 
{Pfmseolm VulgetHs vnr. aurea) stan^ and its noodle qtmlity. J. 
BhkI Sd. 4€: 78-81. 

LiNBBACE, D. R., and Kb, C H. 1975. S^ardies and low molecular 
weight carfadiydnites from chickpea and horsebean flours. Cereal 
Chwn. 52: 334-^347. 

LosBHZ^K. 1979. The^^&rdiof thefababean {Viciafabah Cotnpari- 
son with wheat and com starch. SUcrke, 31: 181-184. 

UAcQmcHm, A. W., and Ballancb, D. L. 19^. Hydrolysis of lai^e 
and small starch granules from normal and waxy barley cultivars 
by alpha-amylases from barley malt. Cereal Chem. 57: 397 —402. 

Maninoat, C. C, and Iuuano, B. O. 1980, Starch lipids and dieir 
effect on rice starch properties. Starke, 32: 76-82. 

Marchant» J. L., and Blanshard, I M. V. 1980. Changes in the 
birefringent characteristics of cereal starch granules at different 
ten^ratur^ and water activities. Staei^e, 32: 223 -226. 

Maurice, T. J., Slade, L., Faqe, C M., and SiRErr, R. R. 1985. 
Propertks of water in focKis. Edited by D. Sinmtos and J, L. 
Multon. Martiftos Nijhoff; Dordr^t. pp. 2ll-Z^7. 

McREAi3fv. R. M.. and Hassid, W. Z. 1943. The sepamion and quan- 
titative estimation of anylose and amylopectin in (x^tato starch. I. 
Am. Chem. Soc. 65: 1154-1158. 

Mercibr, C, Charbohhihre, R., ORBBAtJi', J., and de la 
GiiERiviEME, J. F. 1980. Formation of amylose-lipid complexes 
by twin-screw extev^ cooking of manioc starch. Cen»l C3bm%. 
Sf; 4-9, 

Mn.ES, M. J., MoRRrs. V. J., Orpord, P. D,, and Ring, S. G. 1985. 

The roJes of amylo.se and amylopectin in the gelation and rerrngra- 
datioii of starch. Carbohydr. Res. 135: 271-281. 
Morrison, W. R. 1981. vStarch lipids: a rc<jppraisaL Staerke, 33: 
408™41O. 

MoRRisoH, W. R. , and Laignblct, B. 1983, An impmved ooiorirt^t" 
tic procedure ft)r determining apparent and total amylose in ceml 
and crtto slarcli^. J. Cer^l Sci. 1: 9—^. 

MvmmmK^ R, and Buasson. A. B. 1987. Mnence of pHand Ionic 



© 2002 tNIST CNRS. Tous droits de pfopfi^t^ ^teliectuelie r^serv^. Reproduction, repr^santatbn et diffustan mterdites. Loi du i@r juiltei 1992< mtcies et / des U(iv, 



HOOVER AND SOSUL5KI 



Strength on the viscoeiastic proj^rties of starch gels — a compari- 
son of potato aiKi caimva starches. Carbohydr. Polym. 7: 291 - 

300. 

HA1VIK15L, ().. and D'APPOLOHiA. B. 1979. Carboh>rdmtes of 
legume flours compared with wheal flour, U. Staich. Ossmi 
Chein. 56: 24-28. 

Orfokd. p. D., Ring, S. G., Carhoix, V., Miles, M, X, ami 
MoRRJS, V. J. 1987. Tl^ effect of concentration and botanical 
^urce on the gelation and retrogmiaUon of starch. J. Sci. Food 
Agfic. 39: 169-177. 

i^8EDEs-lx)pnz, O., Maza-Cacvinq, C , Gonzalez- Casta h EDA, 
J., and Months- Krv ERA, R. 1988. Physico-chemical and ixinc- 
tional properties of commcHi bean {Phaseoim vulgaris) smrdMiiS. 
Stacrte, 40: 

Paiok. D. 1987. Dffferemiai scanning calorimefery of mi stardt 
I^stes. Cereal Chem. 64: 394 -399. 

Puts, W., and Keup, U 1973, Influence of an a-amylase inhibitor 
(BAY d 779I> m Wood glucose* serum insulin and NEFA in starch 
ioading tissts in rats, dc^ and man. Dmi>^ologia, 9i 97—101. 

RaMADAS BhaT. U» PfcRAMAHANS» S. V.. and IkARANATHAN, R. N, 

1983. Scanning ekctron microscopy of enzyme digested ^rch 

gractttles. Stacrke, 35: 261-265. 
Rao, S. p. 1969. Studies on the dlgmibtlity of carbt^ydrates in 

{mises. Imiian J. Med. R^, 57: 2151-2157. 
RfiiCHEirr. D., and ^nc». C a 1978. Nauire of the residual 
) prmctn associated with starch fractions from air-classified field 

peas. Cer^ Chem. SSi 469-480. 
Ring, S. a, CoijOiwa, P.. I*Ansok. K. 1. Kalk^hevsky* M. T,, 

Miles, M. L, Morris, V. J., and Orford* P. D. 1987. The gelation 

and crystalikmtion of amyiopectin. Carbtrtiydr. Res, H2i 277- 

293, 

Ring, S. G., Gee, M. X, Whixiam, M., Orpord, P., and Johnson, 
L T. 1988. Resistant starch: its chemical form in foodstuffs and 
effect on digestibility in vitro. Food Chem. 28: 9-109. 

Rosenthal, F. R. T., and Nakamura, X 1972. Studies on the struc- 
ture of leguminosae starches. I . Solubility in din^thyl sulfoxide 
and by enzymatic action. Staerke, 24: 152-158. 

Rosenthal. F, R. T., EsprNOOLA, L.. Serapia, M. I. S.. and Silva, 
S. M. O. 1971. Lablab bean starch. I. Properties of its granules and 
paste. Steerke, t3: 18-23. 

Russell, P. L. 1987. Geladnization of starches of different amy- 
lose/amylopectin content. A study by difTerentiai iKjanning 
calorimetry. J, Cereal Sci. 6: 133-145. 

Russell. R L., Berry, C. S., and Greenwell, P 1989. Characteri- 
sation of resistant starch from wheat and maize. J. Cereal Sci. 9: 
1-15. 

Sarko, a., and Wu, H. C. H, 1978. The crystal structures of A. B 
and C polymorphs of ^imylosc and starch. Staerke, 30: 73 78. 

Satbe, S. K., and Salunke^ D. K. J98L Isolation, partial characteri- 
) zation and modification of the great northern bean {Phaseolus vul- 
garis L.) starch. J. Food Sci. 46: 617-621. 

Sathe, S. K., Iyer, V.. and Saluhke, D. K. 1981. Investigations of 
the gmat northern bean {Phaseolus vulgaris L.) starch. Solubility, 
swelling, interaction with free fatty acids and alkaline water reten- 
tion capacity of blends with wheat flours. J. Food Sci. 46: 
1914-1917. 

Sathe, S. K., Rangnbkhar, P. U, Deshpande, S. S., and Saluhke, 
D. K. 1982. Isdaticm and partial diar^^rization of black gram 
(Phaseolus mmgo L.) stairli. 1. Food Sci. 47: 1524-1538. 

SCHOCH, T. J, 1964. lodoim^ic d^rmlnatkin of amylose. Pc^ntio* 
titration: stemiard met^. V<rf. 4. In Methods in carbo- 
hydrate chemistry. Biiied by R. L. Whistler, Acadetnic Press, 
New York. pp. 157-160. 

ScHocH, T. I, and Maywaia E. C 1968. Preparation and pit^r- 
tim of various legume starches. Osteai Chem, 45: 564 -573. 

Shaken, N,, ^mmt, M„ Hassan, R. A., and El-Shbikh, K. 
1978. Studio on l^til starch. Staerke, 30: 148 — 150. 

Shkwsura. T. 1983. Starch gelatiaiaa^mi M diflfereot usmperatums m 



91 

measure by en23mnk: digestion metlKid* Agric. BioL Ciiem* 47: 

2421 -2425. 

SiEVERT, D., and Pomeranz, Y. 1989. Enzyme resistant starch. I. 
Characterization «nd evaluation by enzymatic, thermoanalytical 
and microscopic methods. Cereal Chem. 66: 342—347. 

SiUESTROM, M., and Asp, N-G. 1985. Resistant starch formation dur- 
ing baking - ■ effect of baking time and temperature and variations 
in the recipe. Z. LebeojJin. Untcrs. Forsch. 181: 4—8. 

SiUESTROM, M., EUASSON. A. and Bjorcic, L 1989. Char^rteri- 
ration of resistant starch from autocitved wheat starch. Staerke, 
41: 147-151. 

Slade. L., and Levine, H. 1988. Non-^uilibrium melting of native 
granular starch. Part 1. Tenij^rature location of the glass transition 
associated with gclatinizatk>n of A-type cereal starches. 
Carbohydr. Polym. 8: 183-208. 

Show, P., and O'Dea, K. 1981. Factors affecting the rate of hydroly- 
sis of starch in food. Am. J. Clin. Nutr, 34: 2721 -2727 

SoccoRRO, M., Lbvv-Benshimol, a., and Tt)VAR, I 1989. In vitro 
digestibility of cereal and legume (Phaseolus vulgaris) starches by 
bovine porcine and human pancreatic a-amyiase. Effect of dietary 
fiber. Staerke, 41: 69-71. 

SosuLSKi, F. W., and Youhgs, C. G. 1979. Yield and functional 
properties of air classlflBd piotein and starch fcacttcms from eight 
legofTK; flours. J. Am. Oil Cl^m. Soc. 54: 292-295. 

SosutsKi, R, Garratt, M. n, and Slinkard, A. E. 1976, Func- 
tional properties of ten legume flours. Can. Inst. Food Sci. 
Technoi. J. 9: 66-69. 

Stgbhbren, p. a. M. 1989* Rheologieal propertks of aqueous sus- 
p«isfofis of swollen starch granules. Carbotiydr. Polym. 11: 23— 
42. 

Stevens, D. I. and Eupon, G. A. 1981. ttiomal properties of tN: 
starch/wafer systenn. I, Measurement of heat of gclatinization by 
differential scanning caloriittttry. Sta^e, 23: 8— U. 

Sumner, A. K.. Nielsen. M. A., and YbuNCS, C. G. 1981. Produc- 
tion and evaluation of pea protein isolate. J. Food Sci. 46: 
364-366, 372. 

'!>iaranatran, R. N., and Ramadas Bhat, V. 1988. Scanning ely- 
tron microscopy of chemically and enzymattcally treated black 
gram {Phaseolus munga} and ragi {Eteusine coramna) starch gran- 
ules. Staerke. 40: 378-382. 

TNompson, L. U„ and Gabon, J. E. 1987. EfP^it of lectins on 
sdivary and pancreatic amylase activities and the rate of starch 
digestion. J. Food Sci. 52: 1050-1033. 

TrtOMPSON. L. U, and Yoon, J. H. 1984. Starch digestibility as 
affected by polyphenols and phytic acid. J. Pood Sci. 49: 1228 — 
1229. 

Tiahjadi, C. and Breene, W. M. 1984. Isolataion and characteriza- 
tion of adzuki bean (Vigna mgularis cv. Takara) starch. /. Food 
Sci. 49: 558-562, 565. 

TbLMAS43UiM, E., CoRREA. A. M. N., and TbLMASQUiM, S. T. 1971 
New starches, Prt>f^rties of five varicdes of cowpea starch. Cereal 
Chem. 48: 132-139. 

VosE, I. R. 1977. Functional characteristics of an tntennediate amy- 
lose starch from smooth seeckid field peas compared with com and 
wheat starches. Cereal Chem. 54: 1140 — 1151. 

— 1980. Production and functionality of starches ajid protein 

isolates from legume ^eds (field pess and borsebraes). Cereal 
Chem. 57: 406--410. 

VbsE, i. R., Hastbrrbchea. M. J., Gorin. P. A. I, Finlayson, 
A. J„ and '^nos, C. G. 1976. Air ciassificatioa of field peas and 
horsefacan flours. Cfiexnkal studies of starch and protein fractions. 
Ce«»l Chem. S3: 928-936. 

Wankhsob, D. B., and Ramtekr, R. S. 1982. Studies on isolation 
aiKl i^yst^hemlcal properties of siarche from mmhbean {Phase- 
olus acmifi/olius). Staerke, 34: 189-192. 

Watimsh, S. a. 1964. D^errmnation of stardi gelattnization ^mpem- 
tuie. Vci, 4. in Methods in carbohydm^ dhemtstiy. EiUted by 
R, L. Whistler, .^idemic Press, New York. pp. 240—242. 



0 2002 INIST CNRS. Tous dr<^ <te propriigit^ ^tellectuelte r^serv^. Reprodtictlor!. reprdsentation dttftfsjon interdttes. Lot du ler |um^ 1992. Prtldes S. 6 el 7 des CGV. 



CAN I. fWaOL. PHARMACOL. VOU t^Wt 



92 

WttRscK, E, Brau N^EDOVO* S. Dt, and KoEnaeirrret* B. I9S6. Cell 
^ructure and stordi imture as key ctetermiimnts of tfie digestion rite 
of starch in legumes. Am. J. Clin. HuU. 43: 25—29. 

Wyatp, G. M.» ^d Bom, N. 19^. Fem^iuatioii of resimnt food 
starches by human and rat Imesttel t^rteria. J. Sci. Pood. Agiic. 
44: 281 --288. 



Yaho. C C, Chahg. S. N., and Lu C Y. 1980. Sttidies on the 
starctes in Taiwan. 4. Kidr«y tmm. Bwll. lost. Ctem. Acad. Sin, 
27; 23 — 32. 

ZoBEi^ H. E. miNG. S, N., aiKl EoccA, L. A. 1988. Stm^ gektmi- 
zatlmi. An X-ray diffraction ^dy. Cemal Oicm* 65: 443-446. 



